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T R A N S A C T I O N S 
OF THE 
GEOLOGICAL SOCIETY OF GLASGOW. 
I . — N O T E S on a T I L L or B O U L D E R C L A Y with B R O K E N S H E L L S , 
in the Lower Valley of the River Endrick, near Loch Lomond, 
and its Relation to certain other Glacial Deposits. B y 
R O B E R T L . J A C K , F .G .S . , of t l ie Geological Su rvey of 
S c o t l a n d * 
[Read loth Jan., 1874] 
T H E e a s t e rn angle of Loch Lomond is a t p resen t be ing r a p i d l y 
s i l ted t ip w i t h t h e d e t r i t u s carr ied in to i t b y t h e R i v e r E n d r i c k . 
M a n y acres of l and have been gained from t h e Loch d u r i n g t h e 
l ifetime of some of t h e p resen t res idents on i t s shores . F r o m t h e 
eas t e rn e x t r e m i t y of t h e Loch t h e r e s t re tches , for some mi les 
in land , a b road a l luvia l flat, t h r o u g h which t h e lower p a r t of t h e 
E n d r i c k p u r s u e s i t s crooked course. I t is impossible t o d o u b t 
t h a t w h e n t h e g rea t icy grav ing tool was w i t h d r a w n , a n a r m 
of t h e n e w l y m a d e l ake covered t h e si te of t h i s ex tens ive a l luvia l 
flat. D u r i n g t h e in tenses t cold of the glacial per iod, t h e va l ley 
of t h e Fal loch ( the si te of Loch Lomond) was filled b y a n ice-
shee t of immense th ickness , which scored t h e side of B e n L o m o n d 
w i t h strise (paral lel t o t h e direct ion of t h e val ley) t o t h e h e i g h t 
of 2,250 feet above, whi le i t g ra ted over a b o t t o m n o less t h a n 
600 feet be low t h e p resen t level of t h e sea. A t t h i s pe r iod t h e 
M e n t e i t h Hi l l s , which r i se to 1,400 feet, and whose t ops p re sen t 
a perfect example of a moutonne out l ine on a la rge scale,f 
* Of the facts mentioned in the following paper, those which were dis­
covered in carrying on the Geological Survey are communicated, w i t h . t h e 
permission of the Director-General, in anticipation of the official Maps and 
Memoirs. 
f This appearance is so marked from the southern side of the Carse of 
Stirling, that the range is known to the inhabitants of Kippen and Bnchlyvie 
as " T h e Scolloped Hills ." 
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w e r e over r idden , a n d t h e Campsie a n d K i l p a t r i c k H i l l s , t h o u g h 
r i s ing t o 1,894 feet, were bur ied benea th t h e shee t of ice wh ich 
flowed south-eas tward ou t of t h e H i g h l a n d g lens . B y con tour ing 
t h e b o t t o m of t h e lake (from t h e da ta afforded b y t h e soundings 
on t h e A d m i r a l t y Char t ) , I have found t h a t t h e r e a r e no less 
t h a n t w e l v e separa te bas ins be tween A r d l u i a n d Bal loch. These 
hol lows are , w i t h o u t exception, e longated i n t h e d i rec t ion of t h e 
val ley, a n d follow p r e t t y nea r ly t h e s inuous l ine laid d o w n on t h e 
O r d n a n c e m a p as t h e b o u n d a r y of t h e count ies of D u m b a r t o n 
a n d S t i r l i ng—a l ine which probably corresponds p r e t t y closely 
t o t h e course of t h e Fal loch before Loch L o m o n d exis ted. T h e 
hol lows a r e d ivided one from another , no t b y s teep scarps, b u t b y 
u n d u l a t i o n s so gen t le t h a t w h e n t h e contour of t h e b o t t o m is 
d r a w n t o a t r u e scale, t h e y a re h a r d l y appreciable b y t h e n a k e d 
eye.* T h e shal lows a n d deeps, w h e n t h e geology of t h e ne igh­
bourhood comes t o b e examined i n detai l , wi l l p robab ly b e found 
t o correspond respect ively w i t h t h e outcrops of h a r d e r a n d softer 
b a n d s of t h e u p t u r n e d S i lu r ian s t ra ta , which s t r i ke across t h e 
l ake from south-west t o north-east , a n d t h e y m a y also b e supposed 
t o depend i n some degree on t h e va ry ing w i d t h of t h e preglac ia l 
va l ley . 
I t i s no t , however , m y in t en t ion a t p resen t t o r ecap i tu la te t h e 
evidence on which Loch Lomond is claimed as a n example of a 
glacier-formed lake, b u t mere ly t o m a k e such a ske tch of t h e 
physica l geography of t h e dis t r ic t as wil l r e n d e r in te l l ig ible t h e 
pecul iar i t ies of t h e deposits t o be described. 
I t has a l ready been observed, t h a t w h e n t h e ice-sheet was a t 
its. t h i ckes t i t overflowed t h e Mente i th , Campsie, a n d K i l ­
p a t r i c k H i l l s , a n d t h i s is a t t e s t ed b y t h e glacial striae a n d t h e 
" ca r ry " of t h e drift. Bu t , as Mr . Duga ld Bel l ha s po in t ed out ,f 
t h e r e w e r e per iods when t h e a t t e n u a t e d ice-sheet was d iv ided b y 
t h e m i n o r hi l l -ranges t h a t opposed i t s course, a n d was forced t o 
r o u n d t h e m a n d t o s t r eam t h r o u g h t h e val leys in te r sec t ing t h e m 
from w e s t t o east . Th i s view, I m a y say, i s a m p l y suppo r t ed b y 
t h e strise mapped b y myself i n ca r ry ing on t h e Geological 
S u r v e y ^ t h e h igh g rounds be ing crossed b y s t r i a t ions from 
* See Mr. J. Geikie's Great Ice Age. Appendix D. 
+ " Notes on Cross Striae at Possil, near Glasgow."— Trans. Geol. JSoc, 
Glasgow, Vol. IV. , pp. 223 aud 304. 
t The striae referred to will be found in the forthcoming Geological Survey 
Sheets, Nos. 30 and 31. 
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N . W . t o S.E., whi le t h e lower Clyde Yal ley , t h e Blane-Glazer t 
Ya l l ey , t h e Endr ick -Car ron Yal ley , a n d t h e F o r t h Y a l l e y a re 
s w e p t b y eas t and wes t s t r ia t ions . 
W h e n t h e ice h a d degenera ted from a con t inuous "nappe" 
b e a r i n g down (in t h i s dis tr ict) from t h e N . N . W . t o a series of 
separa te glaciers s t r eaming from wes t t o eas t over t h e low 
passes of t h e Campsie Hi l l s , t h e erosion of a n e w set of l akes 
would be b e g u n nea r ly a t r i gh t angles t o t h e older set , a n d t h i s 
erosion wou ld be m u c h facili tated b y t h e c i rcumstance t h a t t h e 
courses of t h e p r o t r u d i n g tongues of t h e s h r i n k i n g ice-sheet 
wou ld l ie m a i n l y a m o n g Sandstones of L o w e r Old R e d a n d L o w e r 
Carboniferous age, m u c h softer t h a n t h e S i lu r ian rocks enclosing 
Loch L o m o n d i n i t s u p p e r pa r t . Theoret ical ly , w e shou ld look 
for lakes i n localities where t h e ice-streams or glaciers would b e 
subjected t o s t r angu la t ion from t h e na r rowing of t h e i r respec t ive 
beds , a n d accordingly w e find b road a l luvia l flats i n several such 
s i tua t ions , wh ich i t r equ i res no g rea t s t r e tch of imag ina t ion t o 
r ega rd as si l ted-up l ake basins , viz. :—in t h e E n d r i c k - B l a n e 
Ya l l ey , t h e one above referred t o as flanking t h e lower "reaches 
of t h e E n d r i c k , a n d which is mere ly a pro longat ion of L o c h 
Lomond ; i n t h e B lane Ya l l ey proper , t h e one e x t e n d i n g from 
t h e confluence of t h e r ive r w i t h t h e E n d r i c k t o D u n t r e a t h 
Cas t l e ; a n d i n t h e E n d r i c k Yal ley , t h e one s t r e t ch ing from 
N e w t o w n of F i n t r y t o t h e Gonachan. I n t h e case of t h e D u n ­
t r e a t h Cast le basin , t h e cause of " s t r a n g u l a t i o n " is obviously t o 
be found i n t h e h a r d t r a p escarpments and magnificent volcanic 
" n e c k s " over looking S t ra thb lane . T h e sudden cont rac t ion of 
t h e E n d r i c k Y a l l e y a t i t s issue from b e t w e e n t h e fine t r a p 
escarpments a t F i n t r y could no t fail t o increase t h e i n t e n s i t y of 
t h e erosion on t h e si te of t h e Gonachan bas in . I t is n o t impos­
sible t h a t t h e rock-basin of Loch L o m o n d m a y b e con t inuous 
from t h e m o u t h of t h e E n d r i c k u p t h e B lane Y a l l e y t o D u n t r e a t h 
Cast le , as t h e rock is nowhere seen i n t h e b o t t o m of t h e val ley , 
a n d t h e lower p a r t of the val ley is flanked b y deep drif t deposi ts , 
wh ich m a y conceal a b road rock-basin. I t is, however , p robab le 
t h a t a gen t le r i se of t h e Sands tone b o t t o m abou t C a t t e r B u r n -
foot, d ivides t h i s corner of t h e rock-basin (which, h a d t h e c o u n t r y 
beyond offered a level bed for t h e passage of t h e ice, wou ld 
n a t u r a l l y h a v e t e r m i n a t e d t h e loch), from t h e depress ion h ighe r 
u p t h e val ley, d u e t o t h e s t r angu la t ion of t h e glacier. 
T h e e levat ion (20 feet) of Loch Lomond above t h e sea is so 
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t r i f l ing t h a t t h e r e i s no difficulty i n classing i t w i t h t h e sea lochs 
w h i c h i n d e n t t h e wes te rn coast of Scotland. A l l these sea 
lochs a r e shal low a t t h e i r out le ts , a n d would become fresh-water 
lakes , l ike Loch Lomond , on a ve ry sl ight e levat ion of t h e land. 
I n fact, i t m a y b e regarded as i n a m a n n e r a n accident t h a t Loch 
L o m o n d is n o t n o w a n a r m of t h e sea. A depression of 20 feet, or 
t h e r emova l of t h e superficial deposi ts t r aversed b y i t s s h o r t out ­
le t , t h e Leven , would res to re i t t o i t s former condi t ion. 
I n t h e course of m y w o r k on t h e Geological S u r v e y t o t h e 
s o u t h of t h e eas te rn angle of t h e Loch, and i t s si l ted-up con t inu­
a t i on above referred to , i t fell t o m y lot t o m a p ou t a deposi t 
whose re la t ion t o t h e a l ready k n o w n member s of t h e glacial 
ser ies seemed t o deserve par t icu la r a t t en t ion . 
T h e deposi t is a t r u e typical Till , i n every respect analogous t o 
t h e Old Bou lde r Clay or Till of t h e Lowlands of Scotland. I n a 
m a t r i x of stiff unstrat i f ied clay, b rown i n colour, l ike t h e subja­
cen t Old B e d Sands tone rock, a re scat tered s tones of v a r y i n g 
sizes u p t o several feet i n diameter . These a r e b l u n t e d , 
smoothed , a n d m a r k e d w i t h s t r ia t ions i n all direct ions, b u t mos t 
f requen t ly i n t h e direct ion of t he i r longer axes. T h e Ti l l u n d e r ­
goes local var ia t ions , bu t on t h e whole m a y b e descr ibed as 
above . I t p resen ts , however , one remarkab le pecul ia r i ty t o dis­
t i n g u i s h i t from t h e common Til l of t h e count ry . I t conta ins 
w o r n a n d b r o k e n f ragments of mar ine shells. 
I sha l l n o w describe briefly t h e var ious exposures of t h e Ti l l 
wh ich h a v e come u n d e r m y observation. I a m indeb t ed t o M r . 
R o b e r t E t h e r i d g e , J u n . , F .G.S . , A c t i n g Palaeontologist t o t h e 
Geological S u r v e y of Scotland, for n a m i n g some of t h e shel ls 
m e n t i o n e d i n t h i s paper , a n d for m a n y va luable notes . Messrs . 
J . B e n n i e a n d A . Macconochie also obliged m e b y w a s h i n g a 
q u a n t i t y of t h e Ti l l for m i n u t e organisms. 
Ross B U R N , Ross PRIORY, R I G H T B A N K , ABOUT 400 F E E T N O R T H OP 100 
F E E T CONTOUR LINE.—Alt i tude above sea level, judging by the fall from the 
contour fine, say 80 feet. Six feet of brown Till, exhibiting—what is occa­
sionally noticeable in the common till—a tendency to horizontal arrangement 
in the scratched stones. One layer, somewhat more gravelly in appearance 
than the rest, yielded a fragment of Cyprina Islandica. 
R o s s B U R N , B I G H T B A N K , AT 100 F E E T CONTOUR L I N E . — 2 0 feet of T i l l 
N o t otherwise distinguishable from ordinary till than by a rather smaller 
proportion of stones to clay than is usual. Stones almost all well scratched. 
(Observed a few of granite.) A small proportion rounded. Shell frag­
ments scattered throughout. Cyprina Islandica and Trophon clathratum 
recognisable. 
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Ross B U R N , E I G H T B A N K , B E S I D E T U L L O C H A N M I L L L A D E . — E s t i m a t e d 
height 3 2 0 feet. Six feet of ordinary Till, with well-scratched stones in a 
brown matrix. Shell fragments rare, and much worn. Astarte sulcata 
recognisable. 
KlLMARONOCK V I L L A G E , B E T W E E N B R I D G E N D A N D U N I T E D P R E S B Y T E R I A N 
M A N S E , I N E O A D S I D E D R A I N . —Height, say 1 2 5 feet. Brown Till, with shell 
fragments. 
B L A I R R E N I C H B U R N , K I L M A R O N O C K — A N G L E W E S T O F C A M B U S M O O N 
C O T T A G E , R I G H T B A N K . — S a y 1 3 0 feet high. Eight feet of Til]. Matrix stiff 
brown sandy clay. Stones fairly numerous and large, and well scratched. 
Of 1 0 0 stones split up for the purpose of striking an average, 3 4 were Silurian, 
9 quartz, and 5 7 Old Red, the latter being the rock in situ. Shell fragments 
numerous. The upper half of the Till rather less stoney in parts than the 
lower, but the shells equally distributed throughout. Cyprina Islandica and 
Astarte sulcata recognisable. This section is clear, and unobscured by the 
usual talus of rubbish, which is here constantly cleared away by the stream. 
1 should particularly advise any geologist who may wish to get a fair idea of 
the deposit, to visit this section. 
B L A I R R E N I C H B U R N , O N R I G H T B A N K B E T W E E N L A S T S E C T I O N A N D B L A I R -
R E N I C H C O T T A G E . — T w o more Sections, the lower shewing a tumbled face of 
about 1 2 feet, resting on brown flaggy Old Red Sandstone. The surface of 
the upper exposure is about 1 6 0 feet above the sea level. The shell fragments 
in both sections much broken, and rare. 
C A T T E R B U R N , B E W E E N C A T T E R O L D M I L L A N D L o w G A R T A C H O R R A N S . — 
Height of surface, say 1 2 5 feet. 4 0 to 5 0 feet of well-marked brown Till, 
full of scratched stones, and containing a few fragments of Cyprina Islandica, 
and a whole valve of Astarte compressa. 
R I V E R E N D R I C K , R I G H T B A N K , B E T W E E N R A I L W A Y B R I D G E A N D P A R K O F 
D R U M Q U H A S S L E . — Till like that on Catter Burn, from level of river up to 
about 8 feet higher. Altitude of surface of Till, say 3 5 feet. Fragments 
of shells numerous, but very frail and imperfect. Cyprina Islandica, Astarte 
sulcata, and a fragment of Balanus wTere recognisable. The following were 
got on washing the clay (the list is by Mr. Etheridge) :— 
Globigerina bulloides, D'Orb. 
Lagena globosa ? Montagu. 
,, marginata? Montagu. 
sulcata ? W . & J . 
Polystomella striato-punctata, F. & M. 
„ {nonionina) depressula? W . & J . 
In addition to the foregoing, the remains of the spine of an echinoderm, 
and a small roundish body which has the appearance of a much worn case of 
an entomostracan, were found; and also what appears to be the seed of a 
plant with a triradiate star on the surface, closely resembling the seed of the 
Carboniferous genus Fleminyites of Carruthers. 
I n the above description noth ing has been said of the relations 
o f the shelly T i l l to other deposits. I shall now indicate w h a t 
was observable on that point. 
I n Cat te r B u r n , Boss B u r n , and the higher sections on Bla i r ­
renich B u r n , the shelly T i l l , a l though only in a few places 
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ac tua l ly seen i n contact w i t h t h e rock, is genera l ly seen so n e a r 
t h e l a t t e r t h a t no o the r superficial deposits of impor tance can be 
supposed to in t e rvene . I t is possible t h a t f a r t he r t o t h e south­
eas t t h e shel ly Til l m a y shade in to t h e " t r u e Old B o u l d e r Clay;" 
a n d I confess t h a t b u t for t h e shell f ragments of t h e one, I 
should be unab le to dis t inguish i t from t h e o ther . On t h e o the r 
hand , i t m a y be t h a t t h e r emains of a " t r u e Old B o u l d e r Clay " 
wi l l be found to under l i e t h e shelly T i l l ; b u t I h a v e n o t y e t 
recognised t h e m the re . I believe, never theless , on g rounds t o be 
p re sen t ly s ta ted , t h a t t h e shelly Til l has i t s place above t h e Old 
Bou lde r Clay. 
I a m well aware t h a t i t is sometimes difficult t o dis t inguish 
a clay of m a r i n e origin, w h e n i t happens to be crowded w i t h 
dropped stones, from a t r u e Till, t h e product of land-ice, and t h a t 
careful inves t iga t ion has often proved t h a t an imal r ema ins said 
t o have been found in t h e t i l l , real ly came from stratif ied beds 
separable from t h a t deposit . B u t I a m confident t h a t in t h i s 
case t h e fact of t h e dispersal of worn shell f ragments t h r o u g h t h e 
Ti l l itself wil l s t and a n y t e s t to which i t m a y be pu t . Moreover , 
t h e deposit , a l though fossiliferous, so exact ly resembles t h e t r u e 
Til l e lsewhere, t h a t t he r e is no good reason w h y a n or ig in of 
a different n a t u r e should be assigned to it. 
On referr ing to t h e Ordnance map,* i t wil l be observed t h a t 
t h e shel ls have been nowhere detected in t h e Ti l l more t h a n a 
mi le sou th of t h e eas tern p a r t of Loch L o m o n d a n d i t s s i l ted-up 
cont inua t ion . T h e far ther t h e Til l is t raced from t h e Loch, t h e 
more r a r e a n d f ragmentary do t h e shells become. T h e shells i n 
t h e Ti l l a re as much boulders as t h e scratched stones t h e m s e l v e s ; 
a n d j u s t as t h e boulders decrease in size t h e far ther t h e y h a v e 
t r ave l l ed from t h e pa ren t rock, so also do t h e r u b b e d a n d c rushed 
shells of t h e E n d r i c k Yal ley Till . 
T h e exp lana t ion which, I believe, agrees bes t w i t h t h e facts 
observed wi th reference to t h e Till in quest ion, is t h e same i n 
pr inc ip le as t h a t suppor ted b y Mr . J a m e s Croll for t h e She l ly 
Til l of Cai thness , f T h e Till is, I believe, a p roduc t of l and 
i ce—the moraine profonde of a large glacier wh ich filled u p 
* In the preceding and following descriptions of sectious it is intended that 
the exact localities referred to should be capable of identification with the 
aid of the 1-inch Ordnance map. 
f " The Boulder Clay of Caithness, a product of land ice."--Geol. Mag., 
Vol. VII . , p. 209. 
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t h e l ake , covered t h e i s lands—two of which r ise t o over 200 feet 
i n h e i g h t — a n d cl imbed t h e r is ing g round be tween t h e L e v e n a n d 
t h e E n d r i c k t o t h e he igh t of 320 feet a t least . 
T h i s glacier, i n all probabi l i ty , exis ted d u r i n g t h e l a t t e r por­
t i o n of t h e period (preceding t h e " g rea t s u b m e r g e n c e " of t h e 
land) to which t h e confluent ice-sheet is referred. Professor A . 
Geikie, F . R . S . , M r . J a m e s Geikie, Mr . Benn ie a n d o thers , h a v e 
adduced proofs t h a t t h e g rea t ice-sheet per iod was i n t e r r u p t e d 
by several i n t e rva l s of mi lder condit ions, w h e n t h e ice m e l t e d 
from l and a n d sea, a n d m a r i n e a n d t e r res t r i a l faunas a n d floras 
were re-established. Professor Geikie first d r e w a t t e n t i o n t o t h e 
stratif ied beds in te rca la ted wi th t h e Til l ,* a n d M r . J a m e s Geik ie 
has r ecen t ly g iven t h e m a n e w impor tance b y b r i n g i n g forward 
evidence of t h e presence i n B r i t a i n of palaeolithic m a n a t t h e 
t i m e t h e y r ep resen t . f 
A t t h e he igh t of t h e glacial per iod t h e I r i s h Sea a n d t h e 
N o r t h Sea w e r e bo th filled u p wi th t r u e land-ice, so t h a t p ro­
bab ly every form of mar ine life, except pe rhaps a few m i n u t e a n d 
h a r d y Foramin i fe ra a n d Entomost raca , was ban i shed for a t i m e 
from ou r shores, a t least as far sou th as t h e Br i s to l Channe l . 
W h e n e v e r , therefore, t h e remains of a m a r i n e fauna a re found 
among t h e deposi ts of th i s period (p r io r t o t h e submergence) , a 
mi ld i n t e r v a l m u s t h a v e in t e rvened of sufficient d u r a t i o n t o 
a d m i t of t h e n o r t h w a r d migra t ion of t h e species from t h e hab i ­
t a t s t o wh ich t h e y h a d been d r iven b y t h e p ro t rus ion of t h e ice. 
W h e n , however , shells a re found diffused t h r o u g h o u t t h e Ti l l 
itself, t h e y m u s t ei ther , (1) have been der ived from strat if ied 
beds deposi ted before t h e glacial per iod or d u r i n g one of i t s 
mi lde r in te rva ls , or (2) t h e y m u s t have been l iv ing w h e n t h e ice-
sheet p r o t r u d e d itself over t h e sea bo t tom which t h e y inhab i ted . 
I f w e account for a " shel ly t i l l " b y t h e l a t t e r t heo ry , w e m u s t 
suppose t h a t t h e ou te r submar ine edge of t h e glacier p loughed 
u p t h e superficial deposits , inc luding l iv ing a n d (if any ) fossil 
m a r i n e an imals , a n d t h a t t h e confused mass t h u s pushed forward 
b y t h e ice would be fur ther augmented b y t h e p roper ly so-called 
t e r m i n a l m o r a i n e — t h e accumulat ion of rock debr is wh ich h a d 
t rave l led on or m t h e glacier from t h e in land m o u n t a i n s t o i t s 
ou te r edge. B u t such a n accumulat ion, a n d especially i t s u p p e r 
por t ion ( t he t e r m i n a l moraine) , could n o t fail to p re sen t a recog-
* Trans. Geol Soc, Glasgow, Vol. I., Pt . 2 (1862). 
t Oeol. Mag., Vols. V I I I . & IX. (1871-72). See also The Great Ice Age. 
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Eig. 1.—End of Glacier at three successive stages. 
L e t u s suppose t h a t after a mi ld period t h e ice h a s r e t i r e d a n d 
t h e sea h a s r e sumed possession back as far as t h e po in t x. A 
m a r i n e fauna has been established over t h e sea bed b a c k t o x. 
T h e glacier now advances t o t h e l ine A , where i t leaves a b e l t 
of superficial deposi ts (mingled w i t h exuviae of an imals ) p loughed 
u p from t h e space be tween x a n d A . T h e glacier once m o r e 
r e t i r e s t o x, a n d re-advances t o B , to which l ine i t pushes t h e 
deposi ts accumula ted be tween x a n d B . A s imi lar sequence of 
even t s t a k e s place w h e n t h e ice re t i res t o x a n d re-advances t o C. 
I f t h e ice a t i t s second or t h i r d advance reaches as far as A or 
b e y o n d i t , t h e debr is ( inc luding an imal r emains ) i s p u s h e d for­
ward , a n d forms a be l t as before. A s I u n d e r s t a n d t h i s t h e o r y , 
i t d e m a n d s t h a t shel ly boulder clays (perhaps all b o u l d e r 
clays) can on ly occur i n heaps a long t h e ou te r l imi t s of a 
glacier, a n d can only be formed whi le t h e ou te r edge of t h e 
glacier i s advancing. 
We a r e forced, therefore, t o r e t u r n t o our first a s sumpt ion , 
viz., t h a t t h e b r o k e n shells i n t h e Ti l l h a v e b e e n de r ived " from 
strat i f ied beds deposi ted before t h e glacial per iod, o r d u r i n g one 
of i t s mi lde r in te rva l s . " I t seems m u c h more probable t h a t t h e 
shel ls l ived d u r i n g one of t h e mi ld in t e rva l s t o w a r d s t h e close 
of t h e " p re - submergence" period, t h a n t h a t t h e y a r e of pre-
glacial age. I n t h e l a t t e r case, t h e shells would h a v e b e e n 
n i sab le strat if icat ion, t h e character is t ic m a r k of a r r an g emen t by 
w a t e r . T h e E n d r i c k Til l a t least , as has been a l ready ins is ted 
on, possesses b y no means t h i s character . Moreover , ins tead of 
b e i n g d i s t r ibu ted t h r o u g h o u t t h e Till p r e t t y equa l ly over a n area 
of a good m a n y square miles, as i n t h e case i n ques t ion , t h e 
shel ls wou ld be found only along one or more l ines or bands , 
m a r k i n g t h e successive l imi t s of t h e ex tens ion of t h e glacier . 
T h i s wil l be b e t t e r unders tood b y reference t o d iagram, fig. 1. 
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crushed, a n d jos t led , a n d g round along w i t h t h e o the r mate r ia l s 
of t h e moraine profonde, u n d e r t h e enormous p ressu re of a n ice-
shee t t h i c k enough t o leave on t h e sides of B e n L o m o n d t h e 
m a r k i n g s a l ready referred to , and to s u r m o u n t t h e Campsie H i l l s . 
I n such circumstances t h e y could h a r d l y have escaped be ing 
c rushed t o powder . F u r t h e r , t h e shel ly boulder clay would i n 
t h a t case sure ly have been, a t least in pa r t s , e roded a n d cu t i n t o 
b y an unfossiliferous Ti l l belonging to some of t h e subsequen t 
per iods of glacial extens ion. Besides, t h e long eas te rn t o n g u e 
of t h e Loch, n o w si l ted u p , would no t be eroded t i l l t h e ice-sheet 
h a d ceased t o b e confluent, a n d had sen t a s p u r u p t h e Endr i ck -
B lane V a l l e y ; a n d j u d g i n g from t h e di rect ion of t h e glacial strise 
and t h e posi t ions w h e r e t h e shelly Til l ha s b e e n observed, for 
ins tance , i n t h e C a t t e r B u r n , t h e l a t t e r is more l ike ly t o h a v e 
de r ived i t s shel ls from t h e si l ted-up corner t h a n from a fjord of 
t h e d imens ions of t h e p resen t lake. 
O n Boss B u r n , a t a lower level t h a n t h e lowes t exposure of 
t h e Ti l l on t h a t b u r n — s a y 65 feet above t h e s e a — t h e r e is a 
sect ion as fol lows:— 
b. Coarse g rave l , old a l luv ium of b u r n . 2 feet. 
a. Stiff i ron-bound g r a v e l : s tones n o t large, genera l ly 
of sh ing ly shape, m a n y sc ra tched; a l t e rna t ing w i t h 
c layey sand. T h e whole full of b roken shells, of 
which t h e following were alone recognisable :— 4 feet. 
Cyprina Islandica. 
Mytilus edulis. 
Astarte compressa, Mont. 
Littorina litorea. 
Trophon, Sp. 
This deposi t has a sor t of dip or cross-bedding inc l ined t owards 
t h e Loch. F r o m t h e fact t h a t t h e shells of t h e Ti l l a re al l 
p resen t i n t h i s deposi t , a n d are also i n be t t e r p reserva t ion , i t is 
possible t h a t those i n t h e Ti l l were der ived from t h e stratif ied 
beds, a n d no t vice versd. I t is possible, i n short , t h a t w e have 
he r e a f ragment of t h e mar ine bed t h a t suppl ied t h e shell-
boulders t o t h e Til l , t h e scratched s tones accompanying t h e 
shells h a v i n g been washed from an older bou lder clay. I n 
t h a t case i t s deposi t ion would imply a depression of 65 feet w i t h 
reference t o t h e p resen t sea level. I could, however , see no 
direct evidence on t h i s po in t from superposi t ion. 
I h a v e been careful to give t h e he igh t s of t h e var ious expo-
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sures . A t al l events , i t is useful knowledge . Bu t , on t h e 
a s sumpt ion t h a t t h e shel ly Til l is a p roduc t of l and ice, t h e 
m e r e a l t i t u d e a t which t h e shells a re found p roves n o t h i n g as 
t o depress ion of t h e land, b u t only gives a m i n i m u m th ickness 
for t h e glacier whose moraine profonde i t is supposed t o be . T h e 
presence of t h e shells i n t h e Ti l l proves , however , t h a t w h e n 
t h e y l ived t h e l a n d was , a t or below i t s p resen t level, a s a v e r y 
s l ight e levat ion of t h e land would have made t h e fjord a fresh­
w a t e r lake . 
I n i t s passage over t h e bed of a fjord, such as in te rg lac ia l 
Loch Lomond , a glacier would sweep u p dead shells , w h e t h e r 
ly ing loose on t h e bo t tom or bu r i ed i n clay or g rave l beds . 
These , a n d m a n y rol led water -worn pebbles, wou ld b e m i x e d u p 
w i t h s t r i a t ed s tones a n d o ther mate r ia l s of t h e moraine profonde. 
N o Ti l l t h a t I k n o w of i s en t i r e ly free from ro u n d ed wa te r -
w o r n pebbles , a n d t h e shel ly T i l l conta ins no more of t hese t h a n 
a r e t o b e accounted for b y i t s passage over an a r m of t h e sea, 
a n d across t h e s t r i ke of t h e quar tz conglomerates t h a t go t o 
form a g rea t po r t ion of t h e lower i s lands a n d shores of t h e l ake . 
D u r i n g t h e cons t ruc t ion of t h e F o r t h a n d Clyde R a i l w a y , 
some beds w e r e discovered a t Croffcamie ( D r y m e n S t a t i on ) , * 
w h i c h have a n i m p o r t a n t bea r ing on our p re sen t i n q u i r y . T h e 
local i ty i s a few ya rds east of t h e s tone b r idge on t h e road from 
C a t t e r M i l l t o K i lmaronock P a r i s h Church . 
T h e sect ion i n t h e ra i lway cu t t i ng was as follows, t h e h e i g h t 
of t h e surface be ing 121 feet above t h e s ea :— 
" Stiff Ti l l conta in ing a large q u a n t i t y of s tones, some 
of a r o u n d form, apparen t ly water -worn, o the r s 
angula r , and m a n y of t h e m of g rea t size." 12 feet. 
B l u e clay, conta in ing " a small r ound s tone," a n d n e a r 
i t s base, which res t s on b r o k e n sands tone , a 
f ragment of a deer 's horn , \ \ \ inches i n l eng th , 
a n d t h e following she l l s :— 7 feet. 
Cyprina Islandica. 
Astarte compressa. 
Fusus antiquus. 
Littorina litorca. 
Balanus. 
* "Memorandum of shells and a deer's horn found in cutting of the Forth 
and Clyde Junction Railway, Dumbartonshire." By James Macfarlane, 
W . S . , communicated by. John Alex. Smith, M.D.—Proc. Boy. Phys. Soc, 
Edin.,Yo\: I . pp. 163 (26th March, 1856) and 247. See also Geikie, Trans. 
Geol Soc, Glasgow, Vol . L , P t . 2, p. 70. 
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c. Shelly Till 12 feet thick at the railway cutting—40 feet at the burn. 
b. Clay with marine shells and reindeer's horn—6 feet thick. 
a. Old Red Sandstone. 
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Professor Owen described t b e an t l e r as be ing t h a t of " a young 
or female re indeer of t h e ex is t ing species; a n d it, as is most 
probable , a female, of t h e large var ie ty called ' C a r a b o u ' b y t h e 
H u d s o n ' s B a y t rappers . " 
T h e r a i lway cu t t i ng a t t h i s po in t is only 220 y a r d s t o t h e 
n o r t h of t h e bluff of Ti l l w i t h a few shell f ragments a l r eady 
descr ibed as occurr ing i n Ca t t e r B u r n . A t t h e p r e s e n t day , 
t h e " f ac ing" of t h e cu t t i ng obscures t h e geology, b u t t h e Ti l l 
m a y be seen he re and t h e r e a t t h e t o p of t h e section, a n d t h e 
rock a t t h e bot tom. I n one place (west of t h e br idge) a lamin­
a t e d clay is seen res t ing on t h e rock. T h e Ti l l of t h e cu t t ing , 
as far as one could j u d g e from digging w i t h a h a m m e r , exac t ly 
corresponds w i t h t h e Ti l l of Ca t t e r B u r n close a t h a n d ; a n d I 
h a v e n o d o u b t w h a t e v e r t h a t i t is t h e same deposit . T h e shells , 
as a l ready ment ioned , a re ve ry scarce in t h e C a t t e r B u r n Til l , 
a n d I do n o t wonde r tha t i n t h e ne ighbour ing Ti l l of t h e r a i l w a y 
c u t t i n g t h e y should have escaped observation. I ndeed , I should 
h a v e been m u c h surpr ised if t h e y h a d been discovered except b y 
a person w h o came t o look for t hem, convinced t h a t t h e y w e r e 
t o be found. I confess t h a t I had mapped t h e Ca t t e r B u r n Ti l l 
as a n o rd ina ry t i l l , no th ing unusua l hav ing been observed i n i t , 
u n t i l on finding shell f ragments elsewhere I came back t o look 
for t h e m the re . 
U n f o r t u n a t e l y t h e section on t h e b u r n is t u m b l e d a n d confused 
a t t h i s p o i n t b y debr i s ; b u t from w h a t is t o be seen, I infer 
t h a t t h e she l ly Ti l l occupies t h e whole b a n k from t h e t o p t o t h e 
rock, n e a r t h e level of t h e s t ream. F ig . 2 is a sect ion on a t r u e 
scale from Ca t t e r B u r n t o t h e ra i lway. 
W e have he r e addi t ional evidence of a n in terglac ia l pe r iod 
before t h e g rea t depression, w h e n t h e sea r e sumed i t s sway over 
t h e Loch L o m o n d fjord and t h e re indeer browsed on i t s shores . 
T h e depress ion a t th i s t ime amoun ted t o a m i n i m u m of 108 feet 
( 1 2 0 - 1 2 ) . Af te rwards—st i l l before t h e g rea t submergence—the 
glacier again filled u p t h e valley, and m o u n t e d t h e r i s ing g r o u n d 
b e t w e e n t h e L o w e r E n d r i c k and t h e L e v e n t o a he igh t of a t 
l eas t 320 feet. 
T h e chief reason for da t ing t h e shelly Til l before t h e g r e a t 
submergence h a s n o t y e t been touched on. I t is found i n t h e 
d i rec t infraposi t ion of t h a t deposit t o a series of sand, gravel , a n d 
clay beds so th ick , a n d r is ing t o such a he igh t , t h a t n o o t h e r 
submergence of which we have a n y proof is sufficient t o account 
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for i t . O n t h e b a n k of t h e R i v e r Endr ick , n e a r t h e P a r k of 
D r u m q u h a s s l e , t h e shel ly Ti l l is succeeded b y a considerable 
t h i cknes s of m u d , finely l amina ted clay, sand, a n d grave l . T h e 
sec t ion h a s been r ende red r a t h e r ind is t inc t b y landsl ips , b u t t h e 
superpos i t ion of t h e strat if ied bed on t h e Ti l l is unques t ionab le . 
M o u n t i n g t h e b a n k a t t h i s poin t , t h e strat if ied beds can b e 
t raced n o r t h - e a s t w a r d along t h e r a i lway n e a r l y t o Balfron 
S t a t i o n ; n o r t h w a r d t h e y can be t r aced beyond D r y m e n ; east­
ward (in a f r agmenta ry and denuded condi t ion) t o n e a r K i l l e a r n ; 
and s o u t h w a r d to Cra igha t on t h e S tockiemuir Road . I t t h u s 
covers, e i the r cont inuous ly or i n de tached f ragments , a n a r ea 
which I e s t ima te a t abou t five square miles. I t s j u n c t i o n w i t h 
t h e shel ly Ti l l , on t h e b a n k of t h e Endr i ck , s t ands ab o u t 35 feet 
above t h e sea, a n d t h e deposi t r ises nea r Cairnlee t o 262 feet, i t 
be ing con t inuous be tween these two localities. I h a v e only seen 
t h e she l ly Ti l l u n d e r l y i n g i t a t t h e r a i lway b r idge spann ing t h e 
E n d r i c k ; b u t t h e ra i lway cu t t ings a n d several s t r eams , w h i c h 
m a k e deep sect ions of t h e superficial deposits , expose a n u n d e r ­
l y ing t i l l wh ich is, so far as I have seen, w i t h o u t shells . A m o n g 
these s t r eams a r e D r u m b e g B u r n , east of D r y m e n , t h e A l l t 
Quhar , t h e E n d r i c k , n e a r Gar tness Corn Mil l , a n d t h e Ca rnock 
a n d D u a l t ( D h u A l l t ) B u r n s . Accord ing t o t h e t h e o r y of t h e 
origin of t h e she l ly Ti l l above presen ted , I should consider i t 
possible, t h o u g h n o t ve ry probable , t h a t i n t h e t w o las t locali t ies 
t h a t deposi t should be present . I n t h e o the r cases I shou ld 
t h i n k i t h a r d l y possible. 
I t wi l l b e obvious t h a t a stratified deposit of t h e e x t e n t a n d a t 
t h e a l t i tudes of t h e one above referred to , is of g rea t impor t ance 
a n d deserves close inves t iga t ion . I cannot , however , i n t h e mean­
t i m e , do more t h a n refer t o some of i t s mos t sa l ient fea tures . 
To a geologist who could have been on t h e spot wh i l e t h e exca­
va t ions for t h e r a i l w a y were going on, m u c h informat ion , n o w 
lost, would doubt less h a v e been accessible. 
Genera l ly speaking , t h e stratified sands , clays, &c., form 
soft, u n d u l a t i n g , round-backed hills, v e r y m u c h re sembl ing t h e 
" d r u m s , " which form a character is t ic feature of t h e Ti l l in some 
p a r t s of t h e coun t ry . T h e d r u m in t h e case of t h e Ti l l , however , 
I bel ieve, w i t h t h e major i ty of geologists, t o b e t h e shape i n 
wh ich t h e deposi t was m a d e ; whi le i n t h e sand and clay " d r u m s " 
t he m a n n e r i n which t h e stratified beds a re cu t off b y t h e slopes, 
of t h e surface p roves t h a t t h e i r shape is due t o denuda t ion . ( I t 
B 
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m u s t b e r emembered t h a t I am n o t descr ib ing kaims.) Occa­
sional ly, as a t t h e D u n m o r e Tilework, n e a r Gar tness , t h e surface 
i s flat, a c i rcumstance due , I believe, t o t h e fact t h a t t h e denud­
i n g forces—probably subaerial—found i t easier t o r emove a sand 
b e d from t h e t o p of a clay bed, t h a n t o excava te t h e c lay bed 
itself. T h e stratified beds general ly , as seen i n t h e r a i l w a y a n d 
s t r eam cu t t ings , a re approx imate ly hor izontal , t hose of s and 
a n d grave l be ing f requent ly cross-bedded a n d a b r u p t l y c u t off, 
a s if denuded b y s t reams or cur ren t s . T h e sand is somet imes a 
r e m a r k a b l y fine, wh i t e , soft dus t , l ike flour. P e r h a p s , howeve r , 
t h e mos t r emarkab l e por t ions of t h e beds now exposed a re t h o s e 
t o be seen i n t h e ra i lway cu t t ing nea r Gar tness Sta t ion , w h e r e 
" b a l l a s t " is be ing dug. H e r e is seen a th ickness of abou t 15 feet 
of sand , w i t h cross-bedded patches a n d nes t s of g rave l a n d clay, 
h a v i n g n e a r t h e top (covered i n one place b y 2 feet of s trat if ied 
clay) a bed of stiff clay full of s tones, some of t h e m water -worn , 
t h e g r ea t e r p ropor t ion b lun ted , l ike t h e s tones of a t i l l , a n d a few 
s t r ia ted . T h e s tony clay probably indicates t h e agency of ice 
—poss ib ly floating i ce—dur ing t h e submergence p e r i o d ; b u t I do 
n o t care a t p r e sen t t o hazard a n y more definite sugges t ion 
r e g a r d i n g i t . A t D r u m q u h a r n Tile works , 8 t o 12 feet of fine 
l a m i n a t e d clay overlie a bed of sand a n d gravel , wh ich is i ron -
b o u n d a t t op , 18 feet deep a t least . I w a s informed t h a t shel ls 
a r e somet imes got i n t h e sand, b u t t h e m a n a g e r of t h e w o r k s 
h a d seen none . 
O n t h e n o r t h side of t h e road above t h e ra i lway, b e t w e e n 
Gar tne s s S t a t ion a n d t h e A l l t Q u h a r v iaduct , t h e g rave l h a s 
y ie lded shells. These were found i n a ^ f r agmenta ry condi t ion , 
a n d m u c h rol led a n d water-worn. T h e following shel ls w e r e 
recognised b y M r . E t h e r i d g e :— 
Balanus, Sp. (fragment). 
Anomial 
Pecten Islandkus? 
Cyprina Islandica. 
Mytilus? (fragment). 
Astarte compressa, Mont. 
A. sulcata, Da Costa. 
Littorina litorea. 
Trophon clathratum, ldnn.=Fusus scalariforme, Gould, 
(A worn specimen.) 
Buccinum (fragment). 
M r . Thomas F . Jamieson , F .G.S . , i n h i s we l l -known p a p e r 
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" O n t h e H i s t o r y of t h e L a s t Geological Changes i n Scot land ,"* 
describes sho r t ly t h e stratified beds above referred to , a n d gives 
t h e following l is t of shells obta ined, i n 1864, from a p o i n t o n t h e 
r a i l w a y c a t t i n g about 120 feet above t h e s e a - l e v e l : — 
SPECIES. 
all 
fepo 
I I i 
"1 
.SI 
15 
Anomya ephippium, Linn. 
Astarte compressa, Mont. 
A. sulcata, Da Costa, var. J£Z%>to,Brown. 
Bacdnum undatum, Linn. 
Gardium echinatum, Linn. 
Gyprina Islandica, Linn. 
Littorina litorea, Linn. 
iy. squalida, Brod. and Sow. 
Jl/ya tonmcafo, Linn. 
Natica affinis, GmeUn=^T. cfcmaa,Brod.) 
and Sow, j 
Pecten Islandicus, Muller. 
Tectura virginea, Muller. 
Trophon clathratus, Linn. 
truncatus, Strom. 
x 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
British, 
Southern, 
Arctic, 
N . E. American, 
N . Pacific, 
Per cent. 
71*4 
60-0 
100-0 
92-8 
14-2+ 
T h e R e v . H . W . Crosskey, F .G.S . , also made a l i s t of t h e shel ls 
from th i s locali ty, wh ich has , however , n o t y e t been publ i shed . 
I n a g rave l p i t a t W e s t e r Gateside, nea r D r y m e n , on t h e road 
t o Gar tnes s , I found, a t t h e he igh t of 210 feet, rol led f ragments 
of t h e following shel ls : — 
* Quart Journ. Geol Soc, Lond., Vol. X X I . (1865), p. 161. S< 
p. 172, and Appendix, No. 4. 
+ Since the above was written, I learn that Mr. Jamieson also saw in 1864, 
"near the Endrick Water, at the railway bridge, fragments of shells im­
bedded in hard stony mud, and also in a silty clay containing small stones, 
some of which were glacially striated." This, Mr. Jamieson thinks, was on 
the south side of the Balloch Bailway, between Gartness and Drymen. 
(Letter from Mr. Jamieson to Mr. D . Bell, 16th July, 1874.) The section of 
Till with shells underlying clay and sand beds referred to in the text, is 
on the north side of the Endrick Bailway bridge. 
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Astarte sulcata, Da Costa. 
Cyprina Islandica. 
Nucula, Sp. 
T h e stratif ied drif ts above described p robab ly d a t e from a 
per iod subsequen t to t h e deposit ion of cer ta in k a i m s wh ich 
occur to t h e n o r t h of t h e D r y m e n and St i r l ing Ro ad , at a h i g h e r 
level , a n d w h e n t h e cold which s t rewed t h e surfaces of t h e s e a n d 
o the r k a i m s w i t h t rave l led blocks, d ropped from floating ice, 
h a d m u c h abated. T h e shells probably l ived d u r i n g t h e re-eleva­
t i o n of t h e l a n d . 
I t m a y be r emarked , t h a t w h e n t h e grave l was deposi ted at 
t h e h e i g h t of 262 feet, a na r row s t r a i t at t h e low wate r - shed of 
t h e Bog of Ba l la t , n e a r Balfron Sta t ion , m u s t h a v e connected 
t h e bas in of t h e Clyde w i t h t h a t of t h e F o r t h . 
T o t h e r e t r e a t of t h e ice-sheet which produced t h e she l ly Ti l l , 
a ro p robab ly to be referred some at leas t of t h e mora ines wh ich 
e x t e n d u p t h e Fa l loch from t h e head of Loch L o m o n d to t h e ve ry 
Watershed, d iv id ing t h e Fal loch from t h e more i m p o r t a n t va l l ey 
of t h e F i l l an . T h e wa te r shed is l i t t l e over 600 feet above t h e 
sea, a n d is less t h a n 100 feet above t h e a l luvial flat at Cr ian la r ich 
I n n , Stra thf i l lan. T h e l a t t e r valley, i t wi l l be seen from t h e 
Ordnance m a p , m a k e s a curve below Cr ianlar ich I n n , n e a r l y at 
r i g h t angles to i t s former course; a n d thereaf te r receives t h e 
n a m e of Glendochar t . W h e n e v e r a t h i ck glacier came down 
Stra thf i l lan i n t o t h e na r rower Glendochar t , and a b u t t e d aga ins t 
t h e s teep slope of Stob-Coire-Bhuide, i t m u s t h a v e found fa r the r 
progress i n und imin i shed vo lume down t h e g len v e r y difficult, a n d 
an a r m wou ld cer ta in ly escape down t h e Fal loch. T o t h e l a s t 
such glacier I ascribe t h e moraine profonde, referred t o above a s 
t h e shel ly Ti l l , a n d to i t s r e t r e a t t h e mora ine m o u n d s r e s t i n g on 
t h e wate rshed . H a d these wate rshed mora ines b e e n deposi ted 
i n i t s r e t r e a t b y a n y pr ior glacier, t h e y could n o t h a v e failed t o 
be at leas t flattened, if n o t swept away, by t h e glacier wh ich left 
t h e shel ly T i l l beh ind it . M y reason for bel ieving t h a t t h e 
shel ly T i l l was produced by a glacier which h a d i t s g a t h e r i n g 
g r o u n d p a r t l y i n t h e region dra ined b y t h e F i l l an , i s t h a t a 
glacier nour i shed solely in t h e Loch Lomond val ley could n o t 
h a v e c l imbed t h e r i s ing g round be tween t h e L e v e n a n d t h e 
E n d r i c k to t h e he igh t (320 feet) to which t h e shells h a v e been 
t raced , b u t would h a v e made i t s way down t h e L e v e n va l ley ; 
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a n d moreove r i t could n o t have left i t s mora ines on t h e wa te r ­
shed. T h a t t h e Ti l l i n ques t ion was produced pr io r t o t h e g rea t 
submergence , is p roved b y the superposi t ion of deposi ts of t h a t 
age . 
I do no t wish t o be unders tood to indica te a d o u b t t h a t a 
glacier occupied Glen Fa l loch d u r i n g t h e per iod of local glaciers 
wh ich followed t h e re-elevation of t h e land, or t h a t t h e mora ines 
of t h e lower p a r t of t h e val ley m a y have been deposi ted b y 
such a glacier. 
So far back as 1822, Mr . J . A d a m s o n desc r ibed* several 
accumula t ions of shells on t h e marg in of Loch Lomond. T h e 
first of t hese was a calcareous " t u f f " or s ta lagmi te i n cavi t ies 
a n d j o i n t s of t h e S i lu r ian l imestone a t A r r o c h y m o r e Po in t , 
Mytilus edulis i s t h e only shell h e names from t h i s local i ty, 
wh ich s t ands 8 or 10 feet above t h e lake. I la te ly saw a piece 
of t h i s " t u f f " i n t h e h a n d s of M r . A Macfar lane, Ba lmaha , 
T h e shel l n a m e d b y M r . Adamson was t h e only one w h i c h 
I could recognise, a l though t h e r e were several o thers . I n 
o t h e r t w o localities, one on I n c h Lonaig , opposi te L u s s , a n d 
t h e o the r " o n t h e l ands of H . M ' D . Buchanan , Esq . , n e a r 
t h e south-east ang le of t h e Loch," t h e shells occurred b e t w e e n 
t h e h ighes t a n d lowest levels of t h e w a t e r i n a bed of b r o w n 
clay, u n d e r a cover ing of coarse gravel . T h e l is t h e gives is 
as fo l lows :— 
Mr. Adamson's List. Species to which Adamson's may be referred. 
E C H I N O D E R M A T A 
Echinus esculentus. 
C R U S T A C E A 
Balanus communis. 
B. rugosus. 
Forbes considered this to be identical 
with Lepas balanus, Linn. (Mem. Geol. 
Survey, Vol I . , p. 430); which is re­
garded by Darwin as a synonym of 
Balanus porcatus, D a Costa, of the 
Mammalian and Red Crags and glacial 
deposits of Scotland, Uddevalla, and 
Canada. 
B. crenatus, Bruguiere. 
* " Notice of Marine Deposits on the margin of Loch Lomond."—Mem. Wem. 
Soc, Vol. IV . p. 334 (14th Dec, 1822). 
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Mr. Adamson 8 List. Species to which Adamson's may be referred. 
LAMEL: 
Anomya ephippium, young of. 
Pecten dbsoletus. 
Oardium edule? 
Nucula rostrata, young of. 
Tellina tenuis. 
Venus Islandica. 
V. striatula. 
CAST] 
Buccinum reticulatum. 
Nerita glaucina. 
LIBRANCHIATA. 
Probably P. tigrinus, Muller. 
If this be N. rostrata, Macgulivray, i t is 
considered by Jeffreys to be only the 
compressed form of Leda minuta, 
Muller, a living British form {Brit. 
Conch., VoL II. , p. 168), and found in 
many upper tertiary deposits. 
Cyprina Islandica. 
Probably V. Gallina, l i n n . , both a Brit­
ish living and glacial form. 
3ROPODA. 
Natica reticulata, Linn. 
1 Probably Natica catena, D a Costa. 
M r . D a v i d Rober t son , F.G.S. , w h o has a l ready r ende red im­
p o r t a n t services t o t h i s d e p a r t m e n t of geology, i s n o w engaged 
i n inves t iga t ing t he se b e d s ; and I a m con ten t t o w a i t for h i s 
r e s u l t s before say ing more t h a n t h a t t h e Loch L o m o n d deposi ts 
a r e ev iden t ly of a much la te r da t e t h a n t h e shel ly grave ls a t 
Ga tes ide a n d Gar tness . 
M r . R o b e r t s o n has g iven a n account of some fossiliferous clay 
b e d s on t h e edge of t h e l ake a t Ross A r d e n , opposi te I n c h Tavan-
nach .* H e describes t h e m as " t h e common mussel , t h e common 
whe lk , a n d I m a y say t h e common Rissoa ulva," t oge the r w i t h a 
species of foraminifer . T h e shell bed, M r . R o b e r t s o n wr i t e s , i s 
" covered b y a soft vegetable mould abou t 20 inches th i ck , b e i n g 
i tself fully t h a t th ickness , a n d res t ing on w h a t seemed t o b e 
vege tab le mould . I t was seen, I unde r s t and , a t or n e a r t h e l eve l 
of t h e wa te r , a n d is said to ex t end 30 t o 40 feet i n to t h e Loch. I t 
i s ev iden t ly a v e r y recen t deposit of e s tua ry shells, p robab ly d a t i n g 
from a t i m e immedia te ly pr ior t o t h e las t e levat ion of t h e l and ." 
M r . J a m e s B e n n i e informs m e t h a t shells h a v e also b e e n 
found i n a fine b r i ck clay i n t h e bed of a s t r eamle t some l i t t l e 
d i s tance from Balmaha . T h e y were mos t ly Cyprince, a n d i n 
f ragments , b u t t h e i r s t a te of preserva t ion was good, t h e ep idermis 
s t i l l r e t a i n i n g i t s place and i t s n a t u r a l colour. 
* " On the Clay beds of Ross Arden on the banks of Loch Lomond " (June, 
1864).—Proc. Nat. Hist. Soc, Glasgow, Vol. L, p. 92. 
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Severa l cases of shel ly Tills in mar i t ime dis t r ic ts have been 
n o t e d b y var ious observers. A glance a t t hese wil l suffice t o 
shew how m u c h t h e y have i n common w i t h t h e Ti l l of t h e 
E n d r i c k Val ley . 
T h e wel l k n o w n Ti l l of Cai thness , which h a s y ie lded m a n y 
shells t o t h e labours of Messrs . C. W . Peach , Cleghorn, Dick , 
Smi th , and J amieson , bears evidence of hav ing come from t h e 
south-west , and consequent ly across t h e M o r a y F i r t h . T h e 
striae po in t from south-west t o north-east , a n d some of t h e 
inc luded s tones could only have come from t h e region b e t w e e n 
E l g i n a n d Pe t e rhead . 
M r . J o h n Car r ick Moore , so long ago as 1850, a n n o u n c e d * 
t h a t shell f ragments h a d been found by h i m i n t h e t i l l of t h e 
w e s t e r n p a r t of "Wigtownshire. M r . R . D . I r v i n e , i n ca r ry ing on 
t h e Geological Survey , has recent ly detected a s imi lar t i l l a t 
different po in t s i n t h e same locality, t and has added considerably 
t o t h e l i s t of fossils. T h e striae proved t h a t t h e ice-sheet came 
from n o r t h t o south , u p Loch R y a n , t o t h e M u l l of Logan . 
A t i l l con ta in ing fragments of Gyprina Islandica occurs i n t h e 
C o u n t y of D u r h a m . % T h e striae a re somet imes from t h e n o r t h 
a n d nor th-eas t , and somet imes east and wes t (probably from w e s t 
t o east) . Those from t h e north-east p rove t h a t t h e ice-sheet 
crossed a p a r t of t h e bed of t h e N o r t h Sea, t h e ice from t h e 
n o r t h of E n g l a n d and sou th of Scot land hav ing been doubled 
b a c k on t h e coast b y t h e resis tance of t h e Scand inav ian ice-sheet. 
I n W e s t Lancash i re , t h e " lower boulder c l a y " of Blackpool 
has y ie lded shells. M r . D e Ranee , who describes t h e deposit ,§ 
r egards i t as of m a r i n e or ig in ; b u t i t is easy, from his descrip­
t ion , t o identify i t w i t h t h e lower t i l l of Scotland. T h e striae 
of N o r t h Lancash i re r u n from n o r t h t o south, t h e l a k e d i s t r i c t 
hav ing sent off an ice-sheet which would be compelled b y t h e 
p res su re of Scotch a n d I r i s h ice t o h u g t h e coast. 
* " Notice of the occurrence of Marine Shells in the Till ."—Quart Journ. 
Geol Soc., Vol. V I . , p. 388. 
t Memoirs of the Geological Survey of Scotland. Explanation of Sheet I . 
(1872), Sect. 12; and Explanation of Sheet I I I . (1873), Appendix. 
t " On the Glaciation of the Counties of Durham and neighbourhood. By 
B . Howse."—Proceedings of the North of England Inst, of Mining Engineers, 
Map, 1864. 
§ "On the Glacial Phenomena of West Lancashire and Cheshire." By C. E. 
D e Ranee, F.G.S. of the Geological Survey of England and Wales (22ud June, 
\W).-Quart. Journ, Geol. Soc.t Vol. X X V I . , p. 641. 
Library on June 14, 2015
 at Carleton Universityhttp://trngl.lyellcollection.org/Downloaded from 
24 TRANSACTIONS OF- THE GEOLOGICAL SOC. OF GLASGOW. 
M r . M a c k i n t o s h * found a s imilar shel ly t i l l a t Dawpool i n 
C h e s h i r e — a locali ty t o which t h e same r e m a r k s apply . 
C o m m e n t i n g on t h e Lancash i re a n d s imilar shel ly t i l ls , M r . 
R,. H . T i d d e m a n , + who gives a sketch-map shewing striae 
pa ra l l e l t o t h e coast-line, makes t h e following r e m a r k s :— 
" I t i s a p o i n t ins is ted on b y some geologists t h a t w h e r e v e r 
e i t h e r rol led s tones or mar ine shells a re found i n t h e b o u l d e r 
clay, i t m u s t b e of m a r i n e origin. I do n o t t h i n k t h a t e i t h e r of 
t h e s e charac te rs is infallible. M r . Croll h a s s h e w n t h a t t h e 
Ca i thness Til l , wh ich contains shells, need n o t necessar i ly b e 
m a r i n e , b u t m a y have been formed b y t h e ice-sheet w o r k i n g 
ove r a p rev ious sea-bed, a n d push ing t h e shells on t o t h e l and . 
I n t h i s w a y shel ls scratched a n d b r o k e n m a y b e found a t v e r y 
m u c h h i g h e r levels t h a n t h e sea in which t h e y l ived a n d died. 
T h e y a r e t h e r e as m u c h boulders as t h e scra tched s tones along­
s ide of t h e m , a n d a re no more evidence of t h e drift i n which t h e y 
l ie h a v i n g b e e n formed u n d e r t h e sea t h a n Spirifers a n d Producti 
found i n l imes tone r i ve r grave l would be proof of i t s b e i n g 
m a r i n e . I n v e r y m a n y places t h e ice-sheet m u s t have passed 
ove r w h a t h a d previous ly been t h e sea-bed, a n d if i t s course t o o k 
i t t h e n c e in land , we should be surpr ised n o t t o find sea-shells 
m i x e d w i t h t h e drift formed b y i t . N o r can ro l led s tones b e 
cons idered a b e t t e r tes t , for, u n d e r s imilar c i rcumstances , t h e y 
m u s t b e b r o u g h t u p from t h e old s e a l e d on t o t h e land." I 
q u i t e agree w i t h these observat ions. 
I t wi l l b e seen t h a t t h e various beds which i t is t h e immed ia t e 
object of t h i s communica t ion t o describe end w i t h t h e g r e a t 
submergence . T h e y m a y be summed u p as fol lows—(the t a b l e 
shou ld b e r ead upwards , or i n chronological o rde r ) :— 
c. A g rea t e x t e n t and th ickness of stratified m u d , clay, sand , 
a n d gravel , r e s t ing on t h e shel ly Til l (b) a t t h e level of 35 feet 
above t h e sea, a n d reaching a he igh t of 262 feet above t h e sea, 
con ta in ing , i n t h e shape of beds of stiff clay w i t h s t mes , indica­
t i o n s of t h e presence of ice—perhaps floating i ce—dur ing p a r t 
of t h e t ime . A t t h r e e localities, 120, 160, a n d 210 feet respec­
t i v e l y above t h e level of t h e sea, t h i s deposi t ha s y ie lded wate r -
*'" On a Sea-coast section of Boulder Clay in Cheshire." By D . Mackintosh, 
F.G.S. (8th May, 1872) .-Quart . Journ, Geol Soc, Vol. XXVITL p. 388. 
f " On the evidence for the Ice-Sheet in North Lancashire and adjacent 
parts of Yorkshire and Westmoreland." By B. H. Tiddeman, M.A., F.G.S., 
of the Geological Survey of England and Wales (19th June, 1862), Quart. 
Journ. Geol. Soc., Vol. X X V I I L , p. 471. 
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w o r n m a r i n e shells of species a lmost all now l iv ing i n t h e Br i t i sh 
seas. T h e deposi t indicates , therefore, a c l imate l i t t l e more 
severe t h a n o u r own. I t is referred, for reasons s t a t ed above, 
t o t h e l a t e r s tages of t h e gr0at submergence period, w h e n , after 
t h e deposi t ion of k a i m s a t h igher levels, t h e l and h a d r i sen so 
m u c h as t o be on ly abou t 260 feet below i t s p r e sen t level . 
b. A Ti l l con ta in ing b r o k e n shells, r e s t ing on t h e strat if ied 
bed (a). T h e Ti l l is t raceable b y means of t h e shells t o a h e i g h t 
of 320 feet above t h e sea-level, a n d is bel ieved t o b e t h e 
moraine profonde of a la rge glacier or ice-sheet, which , i n crossing 
t h e south-eas t corner of t h e Loch L o m o n d fjord, ming led t h e 
r ema ins of a n in terglacia l or preglacial shell-bed or beds w i t h 
s tones a n d clay, a n d crushed a n d r u b b e d t h e m exac t ly as i t d id 
t h e inc luded boulders . I t is referable to t h e l a t e r s tages of t h e 
first per iod of t h e glacial epoch, pr ior t o t h e g rea t submergence 
of t h e l and . 
a. A stratif ied clay.(Croftamie) conta in ing m a r i n e shel ls a n d a 
re indeer ' s ho rn . T h e shells indicate a cl imate n o t severe , t h o u g h 
p robab ly a l i t t l e colder t h a n t h e p resen t c l imate of t h e s e l a t i t udes . 
A l l t h e shel ls specifically d is t inguished a re l iv ing i n B r i t i s h seas. 
T h e l and m u s t h a v e stood 109 feet lower t h a n a t p r e s e n t . — T h i s 
deposi t is in terglacia l , or preglac ia l—most p robab ly in terglacia l . 
I t unde r l i e s t h e shel ly Ti l l (6). 
I I . — O n the M I C R O S C O P I C A L S T R U C T U R E of B E D Q U A R T Z - P O R ­
P H Y R Y , from the Old Red Sandstone of Logan Water, above 
Lesmahagow. B y E D W A R D H U L L , M.A. , F . B . S . , D i r ec to r 
of t h e Geological S u r v e y of I r e l and . 
[Read lltb. Dec., 1873.] 
T H O S E w h o h a v e followed t h e wind ings of t h e N e t h a n a n d L o g a n 
w a t e r s above Lesmahagow m u s t have been s t ruck b y t h e b e a u t y 
of t h e r e d porphyr ies which a re in te rbedded w i t h t h e Old B e d 
Sands tone n e a r i t s j u n c t i o n w i th t h e uppe r Si lur ian beds . T h i s 
g r o u n d has been r ende red classic for geologists t h r o u g h t h e 
l abours of Mr . R o b e r t Sl imon, who has b r o u g h t t o l i gh t so 
m a n y forms of ex t inc t Crustacea, some of which a re figured a n d 
described i n Murchison ' s Siluria. 
H a v i n g some years ago m a d e a pi lgr image t o th i s sh r ine of t h e 
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